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Abstract—This paper presents an investigation into the 
mechanisms of seaweed ingress into cooling water intakes that 
cause interruptions to the continuous operations of power 
plants located on coastlines. Ingress events can lead to clogging 
of the filters and result in an expensive shutdown of the power 
plant. In the UK, seaweed has presented an increasing problem 
in the last decade, particularly under stormy weather which 
can result in dislodgement of seaweed that then enters the inlet 
of the cooling water system. This has been a recurrent problem 
for Torness power station on the east coast of Scotland which 
has been subjected to seaweed ingress events resulting in 
controlled temporary shutdowns of the two power station units, 
at a considerable cost to the operators. The ingress mechanisms 
and hydrodynamic conditions are still poorly understood and 
difficult to predict numerically. This project aims to provide an 
understanding of ingress mechanisms by numerical modelling 
of the hydrodynamics and the assessment of the conditions that 
govern the transport of growth of the marine life. 
To model the hydrodynamic conditions in the area of interest, 
extending 9.5 km offshore and 22 km longshore, the 
simulations use the TELEMAC2D software to solve the depth-
averaged shallow water equations. To model the transport 
patterns of seaweed appropriate transport and growth 
mechanisms are being incorporated in the code using a 
Lagrangian tracking model.  
To validate the hydrodynamic part of the model, comparisons 
with current and tidal elevation measurements have been used. 
To study the mechanisms of seaweed ingress, past event 
information provided by EDF R&D was used. The 
hydrodynamic conditions before the ingress events have been 
modelled in order to identify the trajectories of the dislodged 
seaweed and validate the transport algorithm within the 
modified TELEMAC code. 
I. INTRODUCTION 
The Torness nuclear power station, located on the eastern 
coast of Scotland has faced several partial or complete 
shutdowns over the decade caused by the ingress of two 
types of drifters, algae including seaweed and jellyfish, into 
the water intake. These ingress events resulted in the 
clogging of the filtering drums, which filter the seawater, and 
thus disrupted the cooling water supply for the power station. 
In the period September 1990 to August 2006 seven 
seaweed-related incidents were recorded and the risk of 
interfering with the normal electric generation is considered 
“highly probable” with a return period of 2 or 3 years [1] . 
Monitoring of sea water levels entering the cooling water 
system was conducted from July 2003 to April 2005, and 
then from January 2007 to the present day showing that the 
largest monthly quantity of waste ingress occurs between 
June and August [2]. On the 28th June 2011, a temporary 
shutdown of the power station units was induced by jellyfish 
[3]. Given the risks associated with these events for electric 
production, maintenance and safety, it is necessary to 
understand the mechanisms that drive the marine species 
ingress. In terms of seaweed ingress there are two questions. 
The first is where the seaweed originates. The second 
question relates to the hydrodynamic conditions under which 
seaweed are dislodged.  
At the moment there is little or no information regarding 
the origin of seaweed which is transported towards Torness 
power station in Skateraw bay. The seaweed could be either 
dislodged during a storm from areas near the power station or 
could be dislodged in areas which are located further away 
from the power station (of the order of several miles).  With 
tidal currents they are then carried into the inlet of the 
cooling water system. Several species of seaweed were 
identified during a past ingress event [4].  Their length can 
vary from a few centimetres to a few meters. Dislodgement 
of plants, weakened or otherwise, will occur as a function of 
storm intensity and plant size; larger, older, plants will have 
more extensive holdfasts, but also greater surface areas 
subject to drag.  Each kind of seaweed has its own 
mechanical characteristics due to its size and for the same 
wave climate each kind of seaweed can exhibit different 
hydrodynamic resistance.  
To investigate the ingress mechanism past events were 
simulated. The methodology followed here is to examine the 
hydrodynamic conditions first and then identify possible 
origins of the seaweed. This involves simulating the wave 
climate first using TOMAWAC in order to determine 
radiation (wave-induced) stresses. The second step is to 
simulate depth-averaged tidal currents including the wave-
induced currents using TELEMAC for a time interval of 4 
days prior to the time and date of a seaweed ingress event. 
The output files from TELEMAC are used to calculate the 
trajectories of seaweed working backwards in time. The 
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result from this process is the prediction of particles’ initial 
location up to several hours before the event, i.e. the location 
of the particles 1 hour before the event, 2 hours before the 
event and so on. At those locations, it is possible to retrieve 
the wave climate using the TOMAWAC results. The 
structure of the paper includes hydrodynamic validation of 
the model, description of the methodology, the case study 
and future work. 
II. HYDRODYNAMIC MODEL SETUP AND VALIDATION 
This section presents the model construction and 
validation. The computational domain is based on the work 
of Lenes & Vidau [2] which was modified in order to 
incorporate more recent bathymetry measurements into the 
model using the same boundary locations but with a new 
more finely resolved computational grid. The domain 
extends approximately 10 km in the cross-shore direction and 
22 km alongshore, with the power station located in the 
centre of the South-western boundary which represents the 
coastline. The mesh size varies from 300 m offshore to 10 m 
close to the water intake.  The mesh used herein consists of 
34917 nodes and 68472 elements as shown in Fig. 1 and was 
created with TELEMAC grid generator BlueKenue. The new 
bathymetry uses data from a survey conducted outside the 
Skateraw bay (personal communication with Torness Power 
Station) where the model bathymetry around the area of 
interest can be seen in Fig 2.  The bathymetry is measured 
relative to Chart Datum (the level of water derived from the 
lowest astronomical tide). The coordinate system is based on 
the conversion of the WGS84 into OSGB (Ordnance Survey 
Great Britain) according to the procedure proposed by Brady 
[17]. 
In order to simulate the tidal motion with TELEMAC2D, 
the time series of water level and velocity components at 
each point on the model boundary are needed. The model 
CS20, developed by the National Oceanography Centre 
(NOC), is used here to provide the water levels and velocity 
components along the boundary of the Torness model. The 
CS20 model has been initially created to assess tidal energy 
resource over the UK continental shelf [5]. With a grid 
resolution of 1.8 km the CS20 model represents the tidal 
propagation generated by 15 tidal components. Tidal 
constituents are extracted from the CS20 model at 8 points 
along the Torness model boundary. Fig. 3 shows the 
locations of the points after conversion into OSGB. 
Three sets of data, described below, are used for the 
model validation: 
 The first is a subset of the CS20 nodes located within 
the model domain. These data, referred to as NOC 
herein, are used for validating the model and 
demonstrate that the model is able to represent the 
tidal motion, driven by the offshore boundary 
conditions.  
 The second dataset is provided by a velocity current 
meter profiler deployed by the Scottish Environment 
Protection Agency (SEPA) in March 2003 at the 
WGS84 coordinates (55.9692N, 2.384W), where the 
bed level is 11 mCD., This dataset is referred as 
SEPA herein. Fig. 4 presents the location of two 
measuring points corresponding to Point B and Point 
G respectively. Point G is used in order to validate 
the procedure for tidal prediction. This sensor 
provides a valuable dataset for the model validation, 
as it measured the velocity components directly 
offshore of the power station outflows. The sensor 
measures the velocity profiles at 8 depths recording 
velocity values every ten minutes. The collected data 
were processed and analysed by [6]. The processed 
profiles are then depth-averaged using a simple 
arithmetic mean to provide data for the comparison 
with the model outputs.  
 
Figure 1.  Computational grid of the model. 
 
Figure 2.  Bathymetry around Torness Power Station. 
 
Figure 3.  Location of the NOC data points. 
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 The final data set consists of water surface elevation 
measured by a tidal gauge deployed at the port of 
Dunbar for a 14 day-period from 16th May 2013 to 
30th May 2013. The data had been provided by the 
UK Hydrographic Office. Fig. 5 shows the location 
of Dunbar. 
 
Figure 4.  Location of NOC temporal points and SEPA current meter. 
 
Figure 5.  Location of Dunbar port 
 
The tidal prediction is performed using the methodology 
proposed by Huybrechts  et al. [7] where it was applied to the 
modelling of tides in the Gironde Estuary. Their method is 
based on the prediction proposed by [8]. The tidal signal is 
assumed to be the linear combination of different waves 
whose harmonics are known. Therefore for a given position 
(x,y) and time t, the water level is given according to the 
equation: 
  ሺ     ሻ    ሺ   ሻ     ∑         ሺ   ሻ    [                                     ሺ   ሻ  ሺ    ሻ ሺ ሻ] 
where  
   is the mean level. 
 Ai is the amplitude of the ith harmonic. 
 i is the pulsation of the ith harmonic. 
 gi is the phase lag of the ith harmonic according the 
moon or the sun. 
 V0 in the phase of the moon or the sun. 
 fi and ui are nodal corrections. 
The first four parameters are given by an harmonic 
analysis, and define what we call the tidal constituents. The 
remaining parameters are used to specify the time for the 
tidal prediction. The time is referenced according to GMT. 
For the maritime offshore boundary, both the water levels 
and the velocity component are imposed. The data from 
CS20 are used to estimate these parameters at each time step 
and each boundary node, following the procedure below:  
A.  Initialisation 
 Read the output file containing the tidal constituents 
for the eight CS20 points. 
 Convert the time of the simulation to years 
referenced to 01/01/1900 
 Compute the nodal corrections and the phase of the 
moon and the sun for the start of the simulation. 
B.  At each time step 
 Compute water levels and velocity at the CS20 
points at time n∙dt, where n is the nth iteration, and dt 
is the time step. 
 Compute spatial interpolation of the CS20 values 
onto the TELEMAC2D boundary points. 
This procedure is implemented within TELEMAC2D by 
modifying the subroutine BORD.f. The time step is set to 2 
sec, using the edge-based advection scheme and the k-ε 
model for the eddy viscosity calculations. The comparison 
with CS20 data is presented in Fig. 6, the comparison with 
SEPA is presented in Fig. 7 and the comparison with the tidal 
data from Dunbar gauge is presented in Fig. 8.  From the 
results it can be concluded that the chosen model for the 
generation of the boundary conditions gives the correct 
results, in particular the surface elevation. The comparison 
with SEPA data shows that although the model results agree 
at broad scale, when the domain is reduced, the simulations 
slightly overestimate the magnitude of the velocity 
components.  
III. METHODOLOGY 
To understand the marine ingress events, two sets of 
computed data are required: (i) the wave climate that 
dislodges the seaweed, and (ii) the location where the 
seaweed dislodgement occurs.  In the published literature 
biomechanical models are based on the balance between the 
hydrodynamic force exerted on the thallus of species such as 
kelp, and the force required to break the thallus [9,10]. 
According to this biomechanical model, dislodgement occurs 
when the force from waves is greater than a drag force Fdrag. 
The drag force is the only quantitatively important 
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hydrodynamic force on a non-buoyant sub-tidal kelp [4] and 
is estimated according to  [9, 10] : 
 Fdrag = ½ρ U2 Cdrag A  (2) 
where ρ is the seawater density, Cdrag is the 
dimensionless drag coefficient, U is the water velocity and A 
the measured area of the thallus. From Equation (2) it is clear 
that the force imposed by water velocity can be predicted as a 
function of the size and shape of the organism on which the 
velocity is imposed. Several studies have used recording 
dynamometers to measure the maximum hydrodynamic 
forces imposed on organisms in intertidal forces [11, 12, 13]. 
The drag coefficient is not constant for most biological 
objects since Cdrag is a function of both Reynolds number 
and the object’s shape. Denny [14] describes an approach to 
define drag coefficient. 
 
Figure 6.  Comparison of surface elevation, velocity components at point 2 
 
Figure 7.  Current comparison of currents top (U component) bottom (V 
component) between model (--) and data provided from the Scottish 
Environmental Protection Agency (SEPA) (∙) 
For our study there is no information available regarding 
the kind of seaweed, their size and the maximum force that 
could be imposed upon their thallus until damage. Moreover, 
there is no information about their spatial distribution not 
only near the cooling water inlet but also along the coastline. 
To circumvent this lack of information an alternative 
approach was used. 
 
Figure 8.  Surface eleveation comparison between the model (--) and the 
tidal gauge at the Dunbar port (*) 
Knowing the date and time of an ingress event the 
following steps are followed: 
 Model the wave climate using TOMAWAC. 
 Use TOMAWAC output files to run TELEMAC2D 
to establish the current field including the wave-
induced currents. 
 Use TELEMAC2D output files to work backwards 
in time for particles that finish in the cooling water 
inlet and track the position of particles to a few hours 
before the event. These computed initial positions 
indicate possible areas where the seaweed may have 
been dislodged. 
 At those locations using the TOMAWAC output files 
information about the waves can be extracted such as 
wave height and bottom velocity. 
This approach is based on the following assumptions:  
 The broken seaweed are assumed to be of spherical 
shape. 
 They all have the same diameter, density and 
thickness. 
 The locations of particles each hour before the event 
are the dislodgement locations. No survey data exists 
to confirm this assumption. 
In order to validate those locations the TELEMAC2D 
algorithm is used again, this time with the particle transport 
module enabled. This module is a mixed Eulerian and 
Lagrangian approach based on a one-way fluid-particle 
coupling. This means that the information from the fluid is 
given to the particle motion, but there is no transfer of 
information from the particle to the fluid flow. Further 
information upon this approach on particle transport can be 
found in references [15, 16]. 
IV. CASE STUDY 
In August of 2006 the Torness power station experienced 
seaweed ingress events which lead to the temporary 
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shutdown of a reactor. The power station reported that the 
events occurred within 24 hours after adverse weather 
conditions had started. The hydrodynamic model was run for 
an interval of 4 days before the event. Fig. 9 shows the 
offshore wave height used as the offshore boundary 
conditions in TOMAWAC. The offshore wave conditions for 
TOMAWAC runs were extracted from the ANEMOC 
(Numerical Atlas of Oceanic and Coastal Sea), a numerical 
database constructed from hindcast data over a period of 23 
years and 8 months from 01/01/1979 to 31/08/2002, for the 
Atlantic, English Channel and North Sea [18]. The 
simulations were performed using TOMAWAC. Fig. 10 
shows a wind rose diagram for the same time interval. Wind 
is taken into account in the TELEMAC2D simulation of tidal 
currents.  
To study the event the following procedure was used: 
 TELEMAC2D is run to generate the surface 
elevation. 
 Using the surface elevation, the offshore wave 
conditions from ANEMOC and the wind conditions 
from nearby nearshore stations, TOMAWAC output 
files were produced for every hour. 
 TELEMAC2D is run again using the wave-induced 
currents and the wind data. 
 Using TELEMAC2D output files, particles are 
released randomly inside the cooling water inlet 
channel, determining where those particles were 
located 1hr, 2hrs , 3hrs , …, 12 hrs prior to the event. 
This gives information where the particles were 
located at these times before the event. At the time of 
the event 900 particles were placed at the inlet and 
working backward iteratively enabled determination 
of their location. 
Fig. 11 shows the surface elevation at the vicinity of 
Torness power station. 4 hours before the event the water 
level was low which might be an indication for the 
dislodgement of seaweed since at that time the seaweeds are 
more exposed to the wave force.   
Fig. 12 shows the location of particles up to 4 hours 
before the event (black dots) where the background colour 
shows the ratio of the significant wave height calculated by 
the model over the water depth. Macroalgae (seaweed) are 
flexible and their bodies can follow the wave flow. Therefore 
the seaweed is more likely to suffer failure when the wave 
flow can affect the substratum of the seaweed which is very 
close to the bed. As there is limited information on the 
dislodgment location of the seaweed, it is assumed that the 
seaweed is more likely to become dislodged in the areas 
where the ratio of wave height over the water depth is high. 
    
Figure 9.  Offshore wave climate 4 days before the ingress event 
From Fig. 12 it is possible to extract the areas where the 
particles originate.   TELEMAC2D is then run activating the 
particle transport routine releasing a number of particles into 
the origin areas to check whether they enter the water cooling 
system or not. These origin areas were filled with particles 
initially keeping an equal distance between each particle.  
Table 1 shows the results of the number of particles that 
entered into the cooling water system and the number that 
did not.  These simulations showed that for some particles 
starting from the initial area identified, the use of the particle 
transport module leads to a different number of particles 
entering the cooling water inlet.  This shows the effect of 
turbulent kinetic energy and its dissipation on the transport of 
particles since the Lagrangian stochastic model uses the 
turbulent fluctuations.   
     
Figure 10.  Wind speed and direction in the area of intrest 
 
Figure 11.  Surface elevation few hours before and on the time of the event 
ingress. 
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Figure 12.  Position of particles 1 to 4 hours before the event (from top to 
bottom) colours indicate the ratio of the wave height over the water depth. 
 
TABLE I.  PARTICLE NUMBER USING THE STOCHASTIC TRANSPORT 
MODULE 
Hours 
before 
the 
event 
Number of particles 
Entering the inlet Not entering Total 
1 hour 601 733 1334 
2 hours 902 432 1334 
3 hours 1005 329 1334 
4 hours 756 578 1334 
V. CONCLUSION AND FUTURE DIRECTIONS 
The aim of this research work is to understand the 
mechanisms behind the seaweed dislodgement and its 
transport towards the cooling water system of Torness 
nuclear power station. The ingress of marine species, such as 
seaweed, into the cooling water intakes causes temporary 
shutdowns of the reactors leading to disruptions to the 
generation of the electricity. 
Although there are studies on the dislodgement of 
seaweed, these are based on experimental work on specific 
species of seaweeds on several substratum and therefore are 
difficult to be used directly for this case study. On the other 
hand the lack of relevant information in our area of interest 
leads us to search for another approach to understand the 
phenomenon. In this paper, we have presented an 
investigation using TELEMAC2D and TOMAWAC to 
identify the conditions under which seaweed ingress occurs 
for conditions corresponding to an event in August 2006.   
The results show that significant ingress can be predicted but 
that uncertainty still exists to verify the predicted origins of 
the seaweed.  Extracting information from the model about 
the wave climate on the locations of the particles can be used 
to understand the relation between those parameters and the 
dislodgement. However with no local information for the 
seaweed that enters the cooling water system, using equation 
(2) and calculating Cdrag values from velocity due to waves  
assuming thallus areas and associated flexibility, tables can 
be created which link the above parameters with drag force. 
The current work will continue with studying more ingress 
events creating a large reference dataset to examine the role 
of different weather conditions upon the events. 
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